Cropland abandonment and subsequent revegetation processes (due to secondary succession 17" and afforestation practices) are global issues with important implications in Mediterranean 18" 2012; de Baets et al., 2013) on other Mediterranean subclimate types. In particular, there is 94" evidence that secondary succession and afforestation leads to a significant change in the 95" physical and chemical properties and biochemical soil cycles, but, there is no clear common 96" pattern in the change observed. An overview of the main experimental studies investigating 97" the effects of afforestations in soil properties in Mediterranean areas indicates that most of 98" them were carried out in degraded/disturbed semi-arid areas (Cuesta et al., 2012; Laudicina et 99" al., 2012) (the full dataset is included as online supplementary material). These studies had 100" diverse objectives, mainly focused on the impact on physical and chemical soil properties 101"
degradation degree (Cerdà, 1998) . The aggregate stability was determined in the laboratory 200" using the drop Test (Counting the Number of Drops)" (Imeson and Vis, 1984) ."Aggregates of 201" 4-4.8 mm diameter were selected by dry sieving. The test was carried out with dry and wet 202" aggregates that were pre-wetted at pF1 for 24 hours before commencing the analysis. 20 203" 7" " aggregates per microsite and moisture condition were randomly selected, and we counted the 204" number of drop impacts required to disrupt the aggregate sufficiently to pass through the 2 205" mm sieve. 206" 207" 2.4. Statistical analysis 208" All data were tested for normal distribution for all measured properties using the
209"
Shapiro-Wilk and Chi-square tests. Homogeneity of variances was tested using Levene´s test.
210"
Analysis of variance, a two-way ANOVA, was used to compare the differences among 211" microsites and depths (Table 1 ) and the land covers and depths (Table 2) . A posteriori, Tukey 212" post-hoc tests were used to confirm where the differences occurred between groups (Table 3) .
213"
To determine the differences for the aggregate stability results, due to the non-normality 214" of the data, the non-parametric Kruskal-Wallis test was used. In all cases, we considered 215" differences to be statistically significant at p < 0.05 (Table 4) .
216"
Principal component analysis (PCA) was also performed to determine first correlations 217" among the measured variables and to elucidate major variation patterns in terms of 218" microsites. The position of different soil samples in the factorial plane will be shown using 219" regression statistical techniques. All statistical analysis was carried out using SPSS Statistics 220" 20 and R"software (version 3.2.3).
221"
222"
Soil quality index assessment 223"
Soil-quality is in growing demand, thus a standard set of procedures to assign a soil 224" quality index (SQI) have been used. The indexing technique assessed here follows that
225"
proposed by Armenise et al. (2013) . Soil physical and chemical parameters were measured,
226"
screened through PCA, normalized and then integrated into a weighted-additive SQI.
227"
Eight components were defined, although only the first 3 principal components (PCs)
228"
were kept. These 3 PCs explained 76.06% of the total variation. The PC1 explained 56.52%
229"
of the variance and the PC2 explained 10.63%.
230"
Later, correlation analysis was used to find out redundant variables within each PC and a 231" reduction in variables could be obtained. The highest weighted variables under PC1 were all 232" significantly correlated, and we selected C total , OM and SAT, considering the key role that 233" these variables play in determining the quality of soils. Under PC2 clay content and BD were 234" selected, and under PC3 EC was selected. The final minimum data set (MDS) to be included 235" in the index comprised: C total , OM, SAT, clay content, BD and EC.
236"

8" "
Non-linear scoring functions were used to transform the MDS soil properties to a value 237" between 0 and 1 (Armenise et al., 2013) ; the "more is better" functions were used for C total 238" and OM; the "optimum function" was used to score clay content, EC and SAT; and the "less 239"
is better" to BD. Weights were assigned to the MDS indicators using the PCA outcomes and
240"
were equal to the percentage of variance explained, standardised to unity. C total , OM and SAT
241"
were selected for PC1 so the full weight (0.57) was divided between these three parameters 242" (0.19 each one); clay and BD were selected for PC2 so the full weight (0.11) was divided;
243"
and the full weight for PC3 (0.9) was assigned to EC.
244"
245"
The final SQI was as follows:
246"
247" SQI = 0.24 * S Ctotal + 0.24 * S OM + 0.24 * S sat + 0.08 S clay + 0.08 * S BD + 0.12 * S EC
248"
249"
where S was the score for the subscripted variable and the coefficients were the 250" weighting factors.
251"
252"
Results
253"
3.1. Physical and chemical soil properties 254" Table 1 shows the values of two-way ANOVA analysis for the microsites in PS and PN.
255"
Microsites did not have significant effects on soil variables. As no differences were found 256" between microsites, we combined the 3 microsites as one site in the subsequent analysis 257" (Tables 2 and 3) .
258"
Our results from two-way ANOVA showed that some soil properties were significantly 259" different depending on land cover and depth (Table 2) . Land cover was the factor that had the 260" greatest significant effect on soil samples.
261"
Significant differences appeared for C org , C inorg , N content, SOC and TN stock, CN ratio,
262"
OM, silt, P and BD ( Table 2) . The highest C org concentrations were obtained in the natural 263" forest and PN, and the lowest value was obtained from the 0-10 cm layer in the bare area 264" (Table 3 ). Significant differences were observed between PN and natural forest and the 265" different land covers. The highest SOC stocks were recorded in the natural forest. Significant
266"
differences were observed between natural forest and the other land covers, and between bare 267" areas and the other land covers. Significant differences were also observed between different 268" depths in the secondary succession, afforestation and natural forest sites (Table 3 )." 269"
9" "
The C inorg concentration was closely associated with land cover. The highest 270" concentration was recorded in bare and the lowest in the natural forest and PN (Table 3) .
271"
Only significant differences were observed between samples from natural forest and the 272" different land covers at 0-10 cm.
273"
Significant differences related to N concentrations and stocks were also found (Table 3) .
274"
Significant differences related to the CN ratios were observed between afforested covers and 275" bare areas, meadows and secondary succession sites (Table 3) .
276"
The highest pH values were observed at bare sites (Table 3 ) and significant differences 277" between land covers were observed. Related to EC, no significant differences were found.
278"
The concentration of P was closely associated with the land cover. The highest P was 279" recorded in the meadows, and the lowest in the bare soil (Table 3 ). Significant differences 280" were recorded between bare and meadows.
281"
Land cover and soil depth did not significantly affect the amount of clay and the FC
282"
values (Table 3) .
283"
284"
Soil quality index assessment
285"
The effects of land cover, cropland abandonment and secondary succession and 286" afforestation practices were evaluated by computing a SQI (see section 2.5). The SQI was
287"
applied to summarize all the obtained results and to test if there were differences between the 288" different land covers. Considering the 19 physical and chemical soil variables we carried out 289" a statistical analysis." Figure 3 showed the position of the soil samples in the factorial plane.
290"
Even though a successful discrimination was not observed, some small differences could be 291" highlighted between soil samples, especially the bare samples.
292"
MDS indicators using the PCA outcomes were C total , OM, SAT, BD and EC. Among the 293" studied land covers, the SQI ranged from 0.19 to 0.34. The lowest value was obtained for The results of the aggregate stability showed a high variation. Bare soils had the least 300" stable aggregates both in dry and wet conditions. On average, soils beneath natural forest 301" showed the most stable aggregates. Then, afforestation sites showed the most stable in both 302" situations ( Table 4 ). Significant differences were observed in dry conditions between 303"
10" "
aggregates from bare areas and all the land covers. In wet conditions differences were 304" observed between: (i) bare sites and all the afforestation covers, (ii) meadows and PN and PS, 305" and (iii) secondary succession and PN and PS. Only significant differences between dry and
306"
wet aggregates were observed for meadows.
307"
308"
Discussion
309"
4.1. Land cover and soil properties 310" From the 1950s, the process of cropland abandonment and the following establishment forest areas. Our study demonstrated that land cover has a significant effect on physical and 313" chemical soil variables, for both the top-and subsoil, although the differences for the soil 314" variables between land covers were greatest in the topsoil. A large number of studies 315" worldwide have demonstrated that land cover changes affect soil properties, and that this is 316" particularly true in the Mediterranean region (Zornoza et al., 2009) ." However, there is no succession and afforestation practices. Our results indicated that after more than 50 years of 327" cropland abandonment there are no significant differences between secondary succession and 328" afforestation sites, neither with meadows.
329"
The C org concentration was closely associated with land cover and depth, recording the changing the C org . On the other hand, it seems evident that significant changes in C org occur 338" when degraded areas were afforested (Maestre et al., 2003) . Secondary succession following 339" land abandonment also determined the C org concentration, and in general, in Mediterranean 340" mountains an increase in C org is reported due to a slow increase in the input of organic matter 341" (Cammeraat et al., 2005; Lesschen et al., 2008) .
342"
The amount of N differed between bare and meadows and revegetated areas. Plants with 343" high growth rates, such as herbaceous vegetation that usually proliferates on abandoned 344" cropland, show high N concentration, and the legumes plants have N-fixing capacity, which 345" increase soil N content (Hooper and Vitousek, 1998) .
346"
The highest P was recorded in the meadows. It has been demonstrated that agricultural 347" land use increases the concentration of P due to the application of fertilizers, and this effect 348" usually persists for a long time after cropland abandonment (Smal and Olszewska, 2008). Our
349"
results showed that there were no differences between meadows and secondary succession 350" and afforested areas, probably showing the persistent effects of fertilizer.
351"
All land covers were characterized by a similar particle size distribution with silt as the 352" dominant fraction. Only significant differences were recorded in silt content in the natural 353" forest and some differences in clay content. Other studies have reported similar results in texture and pH were not affected after 60 years of afforestation.
357"
To evaluate the influence of afforestation practices and mechanical soil preparation on 358" soil properties, we recognized three different microsites. Oxen were used to carry out 359" afforestation practices: terraces are not wide, and the escarpments are not too high, and 360" sometimes it was difficult to identify these microsites after 50 years of afforestation. Our
361"
results demonstrated that the impact of disturbance by afforestation mechanical preparation is 362" difficult to discern and no significant differences were observed between the microsites, 
364"
The influence of land cover on soil erosion vulnerability was studied by means of 365" aggregate stability measurements: big differences between land covers were found.
366"
Vegetation succession after cropland abandonment increases aggregate stability (Cammeraat 367" and Imeson, 1998; Chrenkova et al., 2014) . Our results demonstrated that always the most
368"
unstable sites were those with bare soils. The vegetated soils had the stronger aggregates,
369"
especially the afforestation sites and natural forest. Vegetation generally increased soil 370" organic matter and soil porosity, reducing bulk density and favouring a better environment to 371" 12" " biological activity, which increased aggregate stability (Cerdà, 1998) . Caracava et al. (2002) 372" also showed that afforestation increased aggregate stability in semiarid areas. In that sense, 373" afforestation practices are a proven tool for the improvement of soil structure and mitigating 374" the risk of erosion.
375"
This research studied a nearby undisturbed natural forest, as reference ecosystem. In
376"
general, most authors reported losses in soil quality when comparing afforestation with 377" natural forest areas (Fernández-Ondoño et al., 2010) . Our analysis showed that the native 378" forest presented better soil quality and had much higher SOC levels than secondary afforestation were significantly lower than those under remnant forests, which is also our 383" conclusion. The differences found with respect to the native forests appear to indicate that the 384" afforested soils have by far not yet reached their maximum potential to store SOC.
385"
386"
Secondary succession versus afforestation: Management and implications
387"
Our results showed that there are no differences in soil properties and soil quality rating,
388"
between the two types of revegetation restoration studied. Regarding SOC which is 389" considered to be the most important indicator for soil quality, no significant differences were 390" observed. Soil data obtained in this study suggested that for the time being (around 50 years),
391"
the introduction of P. sylvestris and P. nigra in Mediterranean humid mountain areas after 392" cropland abandonment has not substantially improved soil conditions versus secondary 393" succession, probably because of low tree productivity and growth associated with lithology 394" constraints and former conditions.
395"
In general, afforestation polices in Mediterranean mountain areas pursued economic and 396" environmental purposes: (i) achieve self-sufficiency in the supply of pulp and paper, and (ii)
397"
regulate the hydrological cycle, in order to reduce flood frequency and magnitude. Regarding afforestation practices?
410"
The effects of cropland abandonment and afforestation practices on soil properties 411" should be considered in the design of future forest restorations. Afforestation is increasingly
412"
viewed as an environmental restorative land cover change prescription and is considered to 413" be one of the most efficient carbon sequestration strategies currently available. Given the 414" large quantity of CO 2 that soils release annually, it is important to understand disturbances in 415" vegetation and soils resulting from land cover changes and cropland abandonment. To
416"
complement this study, further research related to soil carbon sequestration will be carried out 417" to test the effect of cropland abandonment and consequent revegetation processes on SOC 418" stocks.
419"
420"
Conclusions
421"
422"
This study has provided novel information on the"effects of cropland abandonment and 423" secondary succession and afforestation practices on soil properties in a mountain humid 424"
Mediterranean area. Our findings demonstrated that contrary to our hypothesis, afforestation 425" didn't accelerate the recovery of soil properties and soil quality in comparison with secondary 426" succession.
427"
The following conclusions can be made:
428"
(i) Soil recovery after cropland abandonment was slow even if afforestation was carried 429" out.
430"
(ii) No significant differences with regard to soil quality improvements were observed 431" between areas under secondary succession and afforestation."
432"
(iii) Afforestation improved soil properties, SOC and aggregate stability when compared 433" to bare soils.
434"
(iv) Land cover and soil depth had significant effects on soil properties. The effect of 435" land cover were in most cases confined to the topsoil.
436"
(v) Vegetation growth and especially afforestation promotes the formation of more stable 437" aggregates.
438"
14" " (vi) A well-developed soil quality index, based on statistical analysis, suggested that 439" natural forest presented the highest soil quality, followed by P. nigra areas. The significant 440" differences found with respect to the native forest appear to indicate that the afforested soils 441" have not yet reached their maximum potential as SOC sink.
442"
443"
The effects of afforestation practices on soil properties should be considered in the Table 3 and were used to confirm where the differences occurred between groups. 
